A great deal of evidence indicates that US black populations have a higher blood pressure distribution and, thereby, a higher prevalence of hypertension than white populations,1-5 although there is some evidence that black-white differences decrease over time.6 At present, the extent to which these differences are due to variations in genetic susceptibility or environmental factors is not well defined. Racial differences in renal physiology may play a role in causing racial differ-
A great deal of evidence indicates that US black populations have a higher blood pressure distribution and, thereby, a higher prevalence of hypertension than white populations,1-5 although there is some evidence that black-white differences decrease over time. 6 At present, the extent to which these differences are due to variations in genetic susceptibility or environmental factors is not well defined. Racial differences in renal physiology may play a role in causing racial differ-ences in blood pressure.3 Although renal physiology may be genetically determined, there is little evidence for black-white differences in blood pressure from other genetic mechanisms. Previous studies report an erythrocyte sodium-potassium exchange that is decreased in blacks compared with whites,7 which might result in an increased intracellular sodium concentration with an increase in peripheral vascular resistance. Obesity may be relatively less important in the etiology of hypertension in black men.1 8-'0 Other nutritional factors, such as a relative deficiency of potassium and calcium intake, may also be involved.2 In addition, psychological and socioeconomic factors probably contribute to the higher prevalence of clinically defined hypertension and higher blood pressure levels in blacks.1H
Little is known about the blood pressure response to exercise in adult blacks compared with adult whites. If blacks have some early structural changes in the vascular bed with an increased resistance to blood flow, they should react with an exaggerated blood pressure response to exercise. If so, it might be possible to identify hypertension-prone individuals early, which will make intervention possible before Exercise Test A submaximal treadmill exercise test with a modified Bruce protocol was given to participants judged fit to perform the test safely. 13 The protocol used a series of seven 3-minute stages in which speed and inclination were increased stepwise and during which the electrocardiogram was recorded continuously. From the electrocardiogram, heart rate was obtained. At every stage, blood pressure was measured by trained and certified technicians using the indirect cuff method with a mercury sphygmomanometer. The test was stopped when a preset target heart rate (90% of the predicted maximal heart rate) was attained14 or when the participant developed symptoms or became fatigued before the preset heart rate was reached. Because of difficulties in measuring blood pressure while the participants were exercising, reliable measures of diastolic blood pressure could not be obtained. Only the systolic blood pressures are analyzed in this report.
Exclusions
Black and white participants were selected from those seven of the 10 LRC field centers that had enough black participants. With an age range of 20-69 years, the final population was composed of 168 black men, 269 black women, 3,726 white men, and 2,640 white women. To evaluate physiological correlates of exercise blood pressure, we excluded all persons with any evidence of cardiovascular disease or receiving blood pressure medication (see Table 1 ). We also excluded persons who did not exercise for at least 1 
Statistical Methods
The statistical analysis consisted of two parts. In the first part, a descriptive analysis was performed to examine the observed blood pressure responses at various stages and a number of other individual characteristics. The individual characteristics examined for each sex-race group were age, weight, low density lipoprotein (LDL) cholesterol levels, high density lipoprotein (HDL) cholesterol levels, triglyceride levels, history of physical activity, smoking, alcohol use, education, resting heart rate, and resting blood pressure.
In the second part of analysis, we performed regression analysis of blood pressure responses of blacks and whites and adjusted for covariates. The observed blood pressure response at stage 2 was modeled separately for men and women. For all models, the covariates were age, height, weight, reported physical activity, smoking (current smoking vs. no smoking), resting heart rate, resting systolic blood pressure, LDL levels, HDL levels, triglyceride levels, and plasma glucose concentrations. An agesquared term was added to take into account the nonlinear age effect on blood pressure. 15 To reduce potential problems with collinearity, we centered the age and age-squared terms by subtracting the means for each sex before using the variables in the models. All variables except physical activity, smoking, and glucose were treated as continuous measurements. The plasma glucose variable was treated as categorical, forming three groups (<115, 115-130, and >130 mg/dl). Physical activity was coded as 0 (no) or 1 (yes) in response to the question, "Do you regularly engage in strenuous exercise or hard physical labor?" A preliminary examination of other variables such as the reported sodium intake, alcohol intake (g/day), and education (college vs. no college) did not show any significant effect on the blood pressure response. These three variables were omitted from the final model.
Because participants with hyperlipidemia in the study population were oversampled, with different probabilities of selection in race-specific strata, a weighted regression analysis was used to obtain the regression coefficients. Adjusted mean blood pressure values for stage 2 were obtained for each racial group from the model by computation of a linear combination of the model coefficients in which all continuous covariate values were set at their mean level for whites, and the glucose and smoking indicators were set to zero. A similar linear model was fitted to obtain adjusted estimates of stage 1 blood pressure for blacks and whites.
Results

Men
For men who exercised to stage 2, a comparison of selected characteristics by race can be seen in Table  2 . There were no significant differences between black and white men in mean weight, percent physically active, percent smokers, and percent who attended college, but white men were slightly older, by a mean of 3.1 years. Black and white men differed significantly in their mean lipoprotein levels. Blacks had significantly lower LDL and triglyceride levels and significantly higher HDL levels than whites. In addition, there were no significant differences between blacks and whites in the mean values of resting heart rate, resting systolic blood pressure, and The results from the regression analysis are presented in Table 5 . The regression model fitted for the observed stage 2 systolic blood pressure showed that after we controlled for a number of covariates (see Table 5 ), the racial difference in the blood pressure response at stage 2 is highly significant. The estimated regression coefficient for the race variable showed that when other covariates were set at the same value, blacks showed on average a 6.6-mm Hg higher systolic blood pressure at stage 2 than that of whites. A similar model for observed blood pressure at stage 1 showed a difference of 4.9 mm Hg after adjusting for covariates (Table 6) .
Although the finding of a difference in systolic blood pressure between blacks and whites is new, most of the other covariates were as expected and did not differ, for instance, age, resting blood pressure, resting heart rate, weight, and physical activity. 16 However, the strong positive association between exercise blood pressure and LDL level has not been reported before, and it might indicate a role of LDL level in the control of blood pressure and relate to the reported clustering of hypertension and hyper- physically active, and percent smokers. Resting heart rate and systolic blood pressure for both groups were similar (Table 3) . However, black women on average had higher resting diastolic blood pressure than their white counterparts (Table 3) .
Black and white women did not significantly differ in the observed mean systolic blood pressure at stages 1 and 2 ( Table 4 ). The regression analysis also showed that the equality of the systolic blood pressure response at stage 2 remained even after controlling for a number of covariates (Table 5) psychological factors such as anxiety before a test. '7 Exercise systolic blood pressure has also been found to be much better correlated to left ventricular mass than resting pressures. 18 We are therefore convinced that our findings are valid despite the small sample size and highly selected nature of the black subjects.
The most important finding from the analyses is the higher blood pressure during exercise in black compared with white men, even after adjustment for baseline covariates, including resting systolic blood pressure. Because we controlled for resting blood pressure, a difference in resting blood pressure cannot explain the difference in exercise blood pressure. It has been reported for children19 but not for adults. There are three possible explanations. First, black men may have a higher cardiac output than white men at the same exercise level; this will induce a higher blood pressure response. However, hemodynamic studies at rest and during exercise3 have not found any evidence of a hyperkinetic circulation in blacks. Therefore, a second explanation is plausible: a higher systemic vascular resistance in black than in white men at a given workload. Higher resistance with the same cardiac output will induce a higher blood pressure response. The higher resistance can be a result of early, structural changes in the vascular bed, and such structural changes are known to be an important factor in the development of hypertension.' A third possible explanation is a difference in sympathetic tone, but other studies17 have not found any evidence of higher sympathetic tone in blacks than in whites; if anything, blacks seem to have a lower sympathetic tone. We do not have any real measure of sympathetic tone in our population, but the identical resting heart rates in the black and white group speaks against any difference in tone in the participants for this study. Plasma renin activity is lower in blacks than in whites,7 which also speaks against a higher sympathetic tone in blacks, because plasma renin activity is a relative measure of sympathetic tone.
Because black women have a higher incidence of hypertension than do white women, black women might be expected to have higher exercise blood pressure. However, systolic blood pressures at stages 1 and 2 were almost identical in black and white women. If the etiology for hypertension is the same for black men and women, black women would be expected to react with an exaggerated blood pressure response to exercise. The lack of that response might indicate another underlying mechanism for hypertension in black women compared with black men. However, a previous study20 of peripheral vascular adrenergic receptors found that the density of the receptors was lower in women than in men, which might explain the lack of exaggerated blood pressure response in black women. Heart rate during submaximal exercise is higher in black than in white men but is not different in women,21 which is in line with the difference in blood pressure response. Another explanation might be that the subjects included in the analysis were required to complete at least 1 minute of exercise at stage 2, which is more rigorous for women than men, as indicated by a heart rate that was higher by 11.5 beats/min, so female subjects in this analysis were more fit than men and, therefore, less likely to respond with a marked blood pressure response to exercise.
A racial difference in cardiovascular reactivity to the psychological stress of a television video game has been found already in children22 with a more marked response in black children than in white children.
Another new finding from the analyses is the strong positive association between exercise blood pressure and LDL in men and the suggestion that this effect may be more marked in blacks. The association might indicate a role of LDL in the regulation of blood pressure. However, the black men responded with a higher systolic blood pressure during exercise despite having an LDL level lower by 17 mg/dl. Therefore, the most likely explanation for the exaggerated blood pressure response in black men is an increase in peripheral vascular resistance unrelated to atherosclerosis.
In summary, in a population-based study, we have found a potentially clinically significant difference in blood pressure responses between black and white men, but not in women. This finding was highly significant even after adjustment for other predictors of blood pressure response but could be confounded by other variables not measured or incompletely controlled. The blacks included in this study were in some ways atypical (e.g., education) of other North American black populations. Further studies are needed to determine whether these results can be replicated in other population samples and to identify the physiological mechanisms underlying these differences.
